CHAPTER -IV SYNTHESIS AND CHARACTERIZATION OF IRON OXIDE NANOPARTICLES

Introduction
Nanomaterials, particularly in the size range of 1-100nm have attracted the researchers considerably due to their distinguished fascinating properties from bulk counterpart phases arising from quantum size effect. The behaviour of nano-sized materials strongly depends on the size, shape and morphology of their internal structures. With the rapid development of nanotechnology, magnetic nanoparticles have become the topics of current study on a wide scale. Transition metal oxides have been of more scientific and technological interest for many decades due to their fascinating optical, magnetic, electrical and catalytic properties [1, 2] . Among these, magnetite (Fe 3 O 4 ) is a common magnetic iron oxide, which is chemically stable, nontoxic and non-carcinogenic that has a cubic inverse spinel structure with fcc packed oxygen and Fe ions occupying interstitial tetrahedral and octahedral sites respectively [3] . Magnetic unit cell can be represented with the formula (Fe technology are superparamagnetic, which can be easily being magnetized and immediately demagnetized with an external magnetic field in on and off states [6] .
Aggregation of magnetic nanoparticles is inevitable because of attractive van der waals forces between very small particles being significant. Fe 3 O 4 has a more magnetic saturation value (92 emu/g) compared to maghemite (82 emu/g) [7] [8] [9] . If magnetite exposed to oxygen environment may transform to maghemite phase.
Magnetic nanoparticles are used extensively in the field of biomagnetics for a broad range of applications, such as drug delivery [10, 11] , cell labeling and sorting [12] , magnetic resonance imaging, sensing [13, 14] as well as therapeutic applications [15, 16] [17, 26, 27] are also explored.
In the present report, the synthesis of magnetite nanoparticles in various concentration of base such as sodium hydroxide (3M, 5M and 10M) in 1%
[Bmim][TfO] IL at 70°C on the iron oxide formation was studied. Synthesized Fe 3 O 4 nanoparticles were calcined at 400°C to investigate the influence of temperature on the magnetite nanoparticles structure and morphology. The effect of IL on the structural characteristics of iron oxide nanoparticles were carried out in the different % of [Bmim] [TfO] IL and the produced iron oxide nanoparticles were characterized extensively and detailed discussion are presented in this chapter.
Results and Discussion
Thermogravimetric Analysis
The thermal stability of the synthesized iron oxide nanoparticles in 1% 
X-ray Diffraction Studies
The as-synthesized magnetite nanoparticles synthesized using 1% ionic liquid with various concentration of NaOH (3M, 5M and 10M) at pH 11 & at 70°C
experimental temperature and the samples calcined at 400°C were characterized for their crystalline and structural characteristics using XRD analysis and the resulting spectra are presented in and the corresponding XRD data are given in Table 4 nm, 33 nm and 38 nm for the particles produced from NaOH concentration of 10M, 5M and 3M respectively. Increasing the particle size with decreasing the NaOH concentration is noted. At higher NaOH concentrations, greater the OH -availability favours the vigorous nucleation that leads to the formation of reduced particle size. In the case of lower NaOH concentrations, the rate of nucleus growth is higher than the nucleation [30] . The effect of calcination at 400°C on the Fe 3 O 4 nanoparticles was examined. The full width at half maximum (FWHM) of the reflection peaks become sharper and decreases after calcination, indicating that the crystallinity of the nanoparticles is improved [31] . From the Table 4 .1, the increase of crystallite size for all the samples calcined at 400°C is observed [32] . The slight growth of the particle size at calcination temperature 400°C is due to the slight aggregation that is possible at the elevated temperature.
To find the suitable concentration of the ionic liquid for the synthesis of magnetite nanoparticles, the [Bmim] [TfO] IL concentrations was varied from 0.5 to 2.0% at pH 11. The pH of the reaction solution was maintained at 11 using 10M NaOH. From the Table 4 .1, it is observed that the crystallite size of the particles to be 25 nm in 0.5% [Bmim] [TfO] IL and it is 22 nm in 2% IL. In the concentration range of IL tried, the variation of the particle size is not much significant. Considering the intrinsic role of IL, it plays in the nucleation step rather than in the growth step.
However, there is a claim that the higher concentration of [MImAA] favours the formation of tiny particles [33] .
Fourier Transform Infrared Spectroscopic Studies
The FT-IR spectral studies was used to examine the synthesized magnetite peaks at wavenumber region from 2640 cm -1 to 3000 cm -1 are due to the absorption of imidazolium ring of the ionic liquid [26] . In all the spectra, the appearance of peaks at 
Field Emission Scanning Electron Microscopic Studies
The FE-SEM images of the magnetite nanoparticles synthesized from different concentration of NaOH (3M, 5M and 10M) as-synthesized and calcined at 400ºC and different concentrations of [Bmim] [TfO] IL 0.5, 1 and 2% IL were taken and the images are presented in Figures 4.4 (a-h) . The iron oxide nanoparticles prepared using 10M NaOH in 1% IL is quasi spherical morphologies of about 22 ± 2 nm.
Decreasing the NaOH content in the synthesis mixture, the nanoparticles are agglomerated and they are not in good uniform distribution. Further, at lower concentration of NaOH say 3M, the SEM micrograph pictures the particles to be of nanoflakes of dimension ~150 nm x 300 nm. The concentration of base at 70°C in IL plays a vital role for the desired shape growth [36] . 
Transmission Electron Microscopic with Selected Area Electron Diffraction Studies
The TEM micrograph associated with the SAED pattern of the nanoparticles display rings, which are usually assigned to polycrystalline materials.
However, in the present case, the rings are not continuous, but rather consist of discrete spots. These spotted lines are characteristics of the diffraction of an assembly of single crystalline particles with discrete orientations, where this spots of each single crystal patterns are superimposed [37, 38] . The SAED result is well consistent with the XRD and SEM analysis where the particles are of high crystallinity with rather uniform crystallite size [39] .
Magnetic Measurement Studies (VSM)
The room temperature magnetization curves of the 
Conclusion
In summary, it was demonstrated a facile route for the synthesis of 
